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(57) [KM] 

11. Cu : 3 — 7%, Si :8-13%, Mg : 0. 3 
~ 1 . 0 %, F e : 0 . 1 ~ 1 . 0 %, T i : 0 . 0 1 
— 0 . 3 %, P : 0 . 0 0 1—0. 01%, C a : 0 . 
0 0 0 1—0. 0 l%atfjfcWCJCC-CN i : 0. 2 — 
2. 5%£<a^. P/C a ^SSitT'O. 5 — 5 0 (Dffi 

Is 4 8 0 - 5 1 0 ti: 3 ~ 1 0 Wit^^fttt 
9, MTklC^Atb, 1 6 0-2 3 0tl:2-10 i^Wip 

WbS i SrfMWbU #iRS i <D/£g£teil 
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[»*3Sll Cu : 3-711% Si : 8-131 
S%, Mg : 0. 3 — 1. 011%, Fe : 0. 1 — 
1. 011% Ti : 0. 0 1—0. 3lt% P: 
0. 0 0 1—0. 0 Ht%St;Ca : 0. 00 0 1 — 
0. 0 111%^, P/C a ffiMRttX-O. 5 — 5 

o <D$&m \^m& £ tix ^ 5 n ifiBLKi-fthfc ftMswn f 

[»*«2] SCNi : 0. 2-2. 5fifi%£^fr 

i Btto!C«Mdncffttfcrt«miH tr* h^mr 10 

3 ] M S i <D¥i%n&& 4 0 pl mHT-e. 
MS i £>¥*&fi£j&S2 0 Mm£JLJi^«itfi«Srtofi| 
*«lXfi2fE«cOi^^^^tt^rt^lifc 0 ^ h> 

4 8 0-5 1 oti:3-i o^Wt^WkM 

^^2-1 oftmm-rzmifttoim&M^ 20 
ex h >-„ 

[XH0B*naK9i] 
[0001] 

#yy ^v^^wrt^BB^«*i&**b6tr^ 
*©«it*»l3iB-rs. 30 

[0002] 

[tt*0>8Eflf] Si^:12. 6»*%a±**i--5iS* 
f B A 1 - S i -&&fi, IKW«Aft^/>$ < , »0St£|c 

</**i-*fc«>* wtMraxtticses, :^)^ sma 
i-s i-frft-cfi. Ms oD&mhbVs mj:fti<D& 

LT, AC8A^fc6, *55<OrtJ(S»H-Ctt. ^/U^ 40 

a, mz-vx hxDunt U20 orfl-ie^iassre 
[0003] iBta»ffiSrafe9ufcfcr^ hvfflr/^^^i? 

jR»*ttS:t>ot<0*s#BBBa5 7-7 94 1 0»4MRT? 

8. 5-13. 5fi*%^*5Ht^S0-r6^*tix Sb so 



WWJiJ:o-C*»S i^SUi^o 4fc. 4MBW5 
5-2 4 7 8 4 ^«-Ctt. F e ^Ift^rA 1 - S i - 

mm^4 80-52 ottci— s^r^Dia-rsfK^stc 

J:otiiS8ttJ:8[|lto^o A l - S i-frAtt* 

smw^m s i *saua-r-5 r ^-i^j&ea Lti^fci«« 

t\ «J»J*PX<OlRI^ MS iiciBHi-S^^y 

BS5 2- 1 2 9 6 0 7-t^«i^fctt5ct 5*»«ffi® 
[0 0 0 4] - ^A^gi^r P MtS ^ i I: 

iaoTWps iSra»ftu ipxtt&t^««wtt«b:; 

Si$:iotP6o SMnSitfcPWU &JRKKbfr*X'l 

p*«/*u c<o*«mi^t**A i p«*s iotKin 

52-153817 ^$&-cfi> -^im * y i^m-r h 
y v^nnv * i-^m^^r/u * ^ * j±&&mm\z 

HDU MS i <7)fi#f £ffl]fi! ij U ft£i^afKfMb*r 
HloT^o 4#BBB86 0-2 04 8 4 3^«T 

cu-p-&&, mm. !)viy-^, yy^/^> 
* a^co pttfeit ie-25 aa%o s i sr^-r 

SiSMAi -s 

[0 0 0 5] 

*b#fH«*fc6 0 MS i $:W{bt6P»D^ffffl 
fi. A 1 -S i^NaXllCa Sr^tr i: # J-ife*>ix 

h^M^5F%*«§ (I ) J !fS2 4-2 5ITU 

»c^J:5JwBi^StfCt^o Al-SiMC^T 
l^Na RtfC a a*P fcRjCLTN a -PSlT^C a -P 
*«J«Us MS i ©KawYb^ffffl-T6A 1 P©t«i5s 

A 1 - S i^^icPSibtbX^^o 
[0 0 0 6] Call. MS i^t^f^ffl^MU 

Sb^^5c9S'C*)e o U^Ls Al-SiMm^ 
(1, Ca«S iMWf:^C»$tl5P^l 
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t <DXfc> 19 x P/C a Itcon^ h P — /MO: 0 , 

+^»ftt^WaS i *r*fflS*. locu, S 
i, Mg, Fe, T i *Ofifc#*«Htt«PMr*- 5 r. £ 10 

vffiA 1 -S i^Miftt^: ^^@W^-T5 0 
[0 0 0 7] 

u : 3-711% S i : 8— 1 3fifi%, Mg : 0. 
3 — 1. 0fi*%, Fe:0. 1—1. 0 24%, T 
i : 0 . 0 1—0. 3 fiS%, P:0. 001 — 0. 0 
llf%MCa : 0. 0 0 0 1 — 0. 0 111%^ 
^ P/CaMiltX*0. 5 — 5 0 (Vmm^mM^tl 20 

KNi : 0. 2 — 2. 5li%^Ctt)X^6o * 

Ot/MTt«lLfct, 4 8 0-5 1 0^3 — 1 
*U &t>-Cl 6 0-2 3 0\:tC2- 1 O^FMJlDjR-rS^F 

k\z£ymmzti6;~8m&<nfffi$tte. SJSs i tospift 

[0 0 0 8] £AT. *mW<DT/\s^~?J*<&&{^l£tl, 
Cu : 3-711% 

7fi*%*jBx.-5#*oc u*s#**u5i:iKSi*«!:A 1 
<ft£ 0 Mi:Cu»U{), fcafcUL-fro 40 

S i : 8 - 1 3 if% 

kt£%&m<o&&5tmxib*) , ^jfoh^ssK-rsffrB 
%fciguftv^ B -Ai#±#t4»), mtm^m 

S i ttitli, MS i ot^fX^ 
#<ft«K j^oSHftat^ft*. fct)M* so 



[0 0 0 9] Mg : 0. 3—1. 0 fifi% 

si^^u «pj»ww!i*a*Mg2 s i srtrit-r 

5„ Mg^Si^O. 3fi*%tt:3SLftv^ +#ftB# 
!»fffflds»6*t*i\ 1. 0ll%SrS^5Mg 

^tiT^ »3g^jc#S(DMgz s i^sfiuiu mm 

F e : 0 . 1 — 1 . 0 M*% 

flSa»«OfRj±^S6/«C^7C3ST-fcf9. 0. lfi% 
a±©F e^f l-CWUftftSc Fe^ ^JSPfl 

L> 1. 0li°ttgi6Fe§tiXU Fe£-g-fr 

[0010] T i : 0 . 01—0. 3 M&% 

tcST?*)*. TitffPO. 0 l«»%JK±«!:ft5 
fc. a-Al^W^ogMXiilOmm^T^^ 
«9> »«B^lrJ:5Sb*^S»^*5o U*»U 0. 3fi 
1%^^5T i***-e», Al-Ti ^<7)*£ftffl 

mi****u. aw*«tt»*:*ft**«. Tin t i 

T% 0. 0 3mm%SXT<DB<D&?£i>ff&£tlZ> 0 

P : 0. 0 0 1—0. 0111% Ca:0. 0 0 0 1 

— 0 . 0 1 11% 

PRXfCa<D&ffin£oX. MS i <0fi*ffcj&S»*9 3 
*u *^W*#r£*L*o i < ft 

9, »»Ktt<oak»dSHfe*L6. L**U 0. 0 111 
%*jex--5P' J ?»0. 0 1It%^i6Call ifiti 

[001 1 ] *^tIft^MXfi, S i -^wa 
IcjSCT^ffsS i»W*J*S i#*#U i&lMSMS 

i tmtAsZfrbtbtx^iimktz&o *&wxn, ftm 
mmm ^hy^txM s ^sttiB*** s i tcj&o 

P/C a (SSit) : 0. 5 — 5 0 

^i&S iMMS i <7)^-<Xfl P/CallMJ 

»-e#5o p/c aMlfc©IHIIiJ:^ffli#ll#8 

H*«*S«MPM - 2 4 4 2 5 9^«, 4#i£¥5 - 1 
6 13 8 Of §X^U^^tifo5^ P/Caf 
Stb^O. St^Lftt^. *SS i (05p*SSS*S2 0 
/im*ffiiCftt) N »*#6ttO*ftSrffl<. a?JC5 0*jB 
*.<5P/CafiSifc-ett* Pfi^^DiCjgSLXS^ 

[0 0 12] P/C a fiaJt<^WStt, 
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fttau*<** 0 ftSM^io~2 0t/#-Cfiio 

iii%^s itttt^fis i*s*uu 

Si ot;/#^T^#^t3:ft5£ li — i 2fia%(os 
i^tIt«Si^iffltX<S 0 ^rUT, ftiSi 
<0Wc3OrIS i 36S*ffl-r-6SBJ*fttf»a*fl=T-eH 1 ^ 
W*S i*s*j|WbUl!i< <*S 0 
30SS i *ssmi-5#-&, Ptti, CattM 

t^p/c a msit^m i ^«*®-®^*>s «t 5 kbss 

[0013] XMSXd^, #}*f B s i (OlSASrj: Ltl 

*tS 0 ««Dtff4*fc UA 1 -P3Ht-fr«J, 

JiA 1 - P*ft-&«ftt^P - C a mk&to, ««®"CH 

iiltP-Ca*ft^fc»ftS i^fefiftlc45o 

««®-Ctt, Al-Pl, P-Ca^» 
*^fc«>, MS i S:+^^|»IWt;-*-'5^36 s »*S*t 

w 0 s i 3fts**v^*fl=, -r^^-^s i^-* 

1 i M*%f*5SJ: 9**v>jfe«:T-e«[> S i 

t>. MS i 2 0/zm£JLk<!:#5 o 

ttiD-CJ; J9T^P, Cafm MSi^ 

2 oiimSkT\zmm{k£t\>. mmnm-£ik-rz> 0 *<d 

S*tftV\ P-a^S, CatttWP/CatiM 
»^i:tl»S^^c Pf±S»+lc 

[0014] Ni : 0. 2 — 2 . 5 

&m\zj&cxm%n£tiz>'&&7£mx$>*). 2oowa 

f*. 0. 2lf%j^_bX*if^^5 0 L^U 2. 5fi 

IT, Na, Mn, Zr^tfC^^6 B N a f* x 
5F*B4fcfc LtSALt< Z>7tmxhV^ MSi&ttM 
^•rSf^fflSrS-r^Ct^fc. ±H*2 0 p pmlc-r* 
££#3*1^. Mnlt Fe/Mnlflt^l^^: 
*Hft©A 1 - FeSft^SrMlCU ttiSttX^ 

rttU *«SaMBft^*»"C*>9. 0. 3li%^T^ 
ITT i fcHWlaftVMlZ rMTW6:Ht# 
6 0 



[0 0 15] W 0 S i : 4 o »m£kT 

ifl** A 1-Si ^^ffltaailSfi, *3bb S i (D^ S 

tttS i W»e8S:4 0MmBTi:«iHt5: 

ss^2 0Min«^^ss i *ssmus<, 

X-(i3-4 t C/ / #T^5o 
[0 0 16] m&ik&M : 4 8 0 — 51 0^^3—1 0 

20 mmm 

6±T\ 4 8 0-5 1 0tC3-10W1W«, jOP 
iHUaSass 1 0 < C^r^x.6^MTf^^-^>'^^^m 
ft, 4 8 0tJc«L*vHS»-Ctt+5>*H** s H^ft 

«#BB*Mt-ct«H4<oak»36S*6*t*v\ iSl-, 3H# 

^FSbtoS : 16 0-2 3 0ti^2-l 0 BSf^PfSfi 

5a^sx-Mg 2 si«aiu awe^rRji-r*, 

/h£<, 1 0 It t)f^ft:i:^o 

[0 0 17] 
40 [H%M] 

H*« 1 : S i : 1 0 . 5fifi%, Cu:6. Ofifi 
%, Mg : 0. 511%, Fe : 0. 4lf% T i : 
0 . 1 If% v B : 0 . 0 0 0 6 Sfi%, M n : 0 . 4 
N a : 0 . 0 0 0 4 M&YoRrJZ r : 0 . 0 0 
0 1Ii%m, P^ff, CattfMP/Ca 

t/#X7 6 O^fc J I S4tfIII»jiA/fc', * 

so tisiifc 0 '&btitz.mm^5 o otxe^pwwb 
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#ya«ri£u 6 oKnm&izjgtz xtiit&* 22otx [oois] 

«1 : 7)\s$-*>A&&®m<Z>Pttm, Ca^lMP/Calltt 
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P StrMatf C a ^MCD^tttt p p m 

KSfc#*§-8, 9©Si^Wttl2. OM*, fQUlO. 5M* 



[0019] «Fj»«yas*L/t#-fr4^fe. fflffiiinxfcj: 
iaaRRfi, 2ootmo o^Pfl^«iD«u^«(o« 

tSKMItrttffl U *§^«-££W£F CMP 7 0 £ U ifi 
I50kgf/mm 2 , ffigj^SO. 2 3m/#, JW®> 

Sr. MS i&O^fsS i cof->f X^gNrX^ 2 30 

-To ms iomaft, p^r 

fi, C a tttWP/C a 1 1 ^5 C t 

Ms i ^ta^u^< < #o-c^£o rttri, ai 
-s i ^mmz^^x^j^^m^-rti^tc^ t^^. 

ti. ms i 3ftsua'r6«W)*s»< 45. z<dm&&, 

LTMS iXtJ?#SS i 36sakH*^cK»#*2 — 6 40 

-m. sik^mis, 0. 2%mti, toxm<omtttiteX 



t»*pa«36S5iv^4:36>e>, Ms i&\zkAsX&m\s 

U P/Caiiltl:j£i:t#SS i ^¥*Sf*$*s*# 

^tllllITlfc 0 te^r. P/Call^O. 3^ 

<, tfilt) 2 4 0 m g i ftl*^ Lfc B #fi(7)P 
7 "CI*. *»<Dtt«j&s±#U mffitltf 
«<. K»l-»*dS»*Ufco 12. 0Sfi%£#fi^ 
S i Sr^tfK»#*8-Ctt. MS i*sfiaiU^$t> 
PtfMt;c a^^TS^I^i co^*S®m$>-5fc 

es^toMsi«Bifc 0 ^eatu, 20 
Ms i tftmikisti* 2 0 ot^flstasiKSSfiS 

[0 0 2 0] 
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[0 0 2 1] 2 : S i : 1 0 . 5 fift%, C u : 

6. 0lf% Mg : 0. 511%, Fe : 0. 4li 
%, T i : 0. 111% N i : 0. 5fifi%, B : 
0. 0 0 0 511%, Mn : 0. 4fifi%, Na : 0. 
0 0 0 3gfi%&tfZ r : 0. 0 0 0 
P^*», Ca*tf*&t*P/Ca»*Jfc**3lz:*1- 



#<b*bfc«F»fc:5 o otxe^fi^WkMiM 

U 6 0t:<Ota7K{-jSS#A^c«. 2 2 0tX6«ffflW 

[0 0 2 2] 
[«I3] 
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SUftS^l 7. 1 8<DS i^Wfittl 2. OlflX, ffittlO. 

[0023] »b*ufc#*A<o««tt*!PttSr. Ms i tH&hfc 

Rt«0* S i i:»*T*4(^-r. MS [0 0 2 4] 

ttj&s«S;h,fc„ *fc. N i»infc:J:oT*»§as<Dafc» so 
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[0 0 2 5] H^M 3:^5 {^"T «fc 5 I- S i : 10. 
5fi&%, Cu : 6. 011%, Mg : 0. 511%, 
F e : 0. 4li%, T i : 0. llt%, Ni : 01 
ft%XttO. 5li%M^ll^ : 0. 0 0 

0 511%, Mn : 0. 4lt%, N a : 0. 0 0 0 3 
fiS%, Zr:0. 0 0 0 1 fift% tfe&X l^tcT 
/P*=:*J^&*» (Mftl9-2 4) S:»»U 

n*<D#tm&&-?7 6 otfrb j i s4*Hkm\zmj&/v 
ootii»u i sx:/&ttj&&mzm&ia*m$m 

i 5 ot^iDllfcU 3 o°C/tPttft*mz>Wr&\^te 
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*ft«5S £ t o fc«»^lcft»*«:aW-£ Elliot 

V>Wfc##2 1. 2 P/Cafi*ltdSiBjEffl^ 

*§fta«t*nLTl/^o Na^tl4 6ppmtt» 
LfcAC8 A<£>f£i£#-S§-2 5T*I1 N a Sfe&PtCjg® LT 

£Mis i asretA/^jLwxi*, ms i tiwwkSF^r 
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- a. t±§l5fi93£3 (N/mm-) 
• a«.i t±2»it^ (N/mm a ) 

[oo2 8] mm, mmn&mmmzth, ^mmm^^^v^t 

■ JB^SrtoA 1-Si-Cu-M [HffiOffi^^RK] 
g^4H*5^tPm CatttWP/Cal [01] *389!-rtft5£ P^S- C a 

[Ell] 




AB : P — 100PPM 
BC:Ca=lOOPPM 
CD : P = OJjCb 
ED : P ™ 1QPPM 
AE: P-GOCa 
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